We have analyzed SVtO specific RNA sequences which are associated with purified viral chromatin. Three discrete size classes of large unprocessed transcripts were identified: 4.8, 3.6 and 3.0 kb. Furthermore, two polyadenylated species of 2.6 and 1.6 kb were found, the latter of which representing mature 16 S mRNA. S. analysis revealed both the presence of spliced and unspliced RNA sequences in trariscriptionally active 5V40 chromatin.
INTRODUCTION
The cellular compartment where the processing of the RNA transcripts takes place remains still a matter of speculation. It was shown recently that late polyoma RNA species are spliced in the nucleus of the infected cell (1) and, late in SV^O infection, spliced transcripts were found in a paranuclear extract (2) . The suggestion was made, on the one hand, that splicing of SV*0 nuclear transcripts may be a prerequisite for the transport of the RNA into the cytoplasm (3, 4, 5) . On the other hand, in a subsequent report it was shown, that such functional mRNA can occur in the absence of splicing events (6) . Moreover, histone mRNAs (7), interferon mRNAs (8) , and adenovirus protein IX mRNA (9) , for example, are not spliced before transportation to the cytoplasm. So the role of splicing events in the production and export of stable mRNA remains puzzling.
Here, we report the association of both unspliced and spliced polyadenylated mature 5V40 RNA sequences with purified SVtO chromatin. Furthermore, large precursor RNA sequences have been detected which are associated with the viral chromatin.
MATERIALS AND METHODS
CV-1 cells were infected with SV*0 (strain sp 776 or RH 911) at 10 to 20 PFU/cell.
The cells were labeled with both C-thymidine (0.25 iuCi/ml) from 2* to 40 hr after infection and with H-uridine (100/uCi/ml) for 5 min immediately before harvesting of the cells. SV40 chromatin was prepared 40 to 42 hr post infection as previously described (10) and purified by sedimentation of the nuclear extract through 10 -30 % sucrose density gradients (10 mM Tris/HCl, pH 7.5, 1 mM MgCl, 0.5 mM CaClj, 1 mM DTT, 1 mM PMSF) for 90 min at 40.000 rpm in the SW 41 rotor at 0 °C. Fractions from the gradients were assayed for acid-precipitable radioactivity. SV40 chromatin associated RNA was isolated from the purified SV40 chromatin as follows: the fractions 11 to 15 from the sucrose density gradients were pooled and after proteinase K digestion (100 /Ug/ml, 30 min, 37 °C) in 10 mM EDTA, pH 7.0, 1 % SDS, solid CsCl (1 g/ml) was added. The solution was layered on a CsCl cushion of 5.7 MCsCl, 0.1 M EDTA, pH 7.0 (11) and centrifuged at 35.000 rpm for 16 hrat25 °C in the SW 50 rotor. The supernatant containing DNA and protein was removed and the pelleted RNA was dissolved in bidistilled water (pH 5.5) and finally ethanol precipitated. Poly A RNA was selected by poly U sepharose chromatography (12) .
The RNA was electrophoresed through horizontal 0.8 % agarose gels (16 h, 60 V) containing 2.2 M formaldehyde in a buffer of 20 mM morpholino-isopropane-sulfonic acid, pH 7.0, 5 mM Na acetate and 1 mM EDTA (B. Seed, personal communication). The RNA had been pretreated with the buffer described above in 50 % formamide, 2.2 M formaldehyde for 5 min at 60 °C prior to electrophoresis. The RNA was blotted onto nitrocellulose paper as described (13) and hybridized with nick-translated Plabeled SV40 DNA (14) .
The S.nuclease technique (15) was applied for characterization of purified SV40 chromatin associated RNA. As a defined DNA probe the SV40 Eco RI + Bgl I B fragment was employed which was obtained by digestion of SV40 DNA by Eco RI + Bgl I and purification by electrophoresis in a low melting point agarose gel following extraction with QN + (16) . DNA and RNA probes were mixed, denatured and hybridized in 80 % formamide, 0.04 M PIPES, pH 6.5, 0.4 M NaCl, 0.01 M EDTA at 48°C for 16 hr. The samples were diluted 25 times with S.-buffer (0.03 M Na acetate, pH 4.5, 0.003 M ZnSCy , 0.3 M NaCl and 10 Aig/ml denatured salmon sperm DNA) and incubated with Sj-nuclease (250 U/rnl) for 4 h at 37 °C. The reaction was stopped by ethanol precipitation with yeast tRNA as a carrier. The dried precipitate was dissolved in 30 mM NaOH, 1 mM EDTA and electrophoresed into 1.4 % alkali agarose gels (17) .
After neutralization and blotting to nitrocellulose, hybridization with nick-translated 32 P-labeled SV40 DNA was carried out as described (14) .
RESULTS
SV40 chromatin was isolated by hypotonic extraction of nuclei from 5V40 infected CV-1 cells 2 days after infection as described previously (10) . The viraJ chromatin was purified by sedimentation of the nuclear extract through a sucrose density gradient. Prior to the extraction procedure, both the DNA and the RNA had been labeled either with C-thymidine (from 24 to 40 h after infection) or, with H-uridine (5-min immediately before harvesting of the cells). The typical sedimentation profile is shown in Fig. 1 A. The bulk of the mature chromatin sediments at 75 S, while the replicating chromatin forms a faster sedimenting shoulder (95 S). The labeled RNA is distributed as two peaks, but the RNA sequences contained in either one appear to be identical (manuscript in preparation). The RNA sequences remain tightly bound to the viral chromatin, such that equilibrium density centrif ugation in metrizamide (18) or in Cs, SO^ do not cause detachment of the RNA and banding in higher buoyant densities (data not shown).
In order to isolate the RNA sequences attached to the chromatin, the RNA was liberated by incubation with proteinase K and centrifugation through CsCl (11) . For characterization of the various size classes the RNA was electrophoresed under denaturing conditions into agarose gels, blotted to nitrocellulose filters and revealed by hybridization with a P-nick-translated SV40 DNA probe (Fig. 1 B) .
For reference purposes the cytoplasmic RNA from in vivo P-labeled SV40 infected CV-1 cells is shown in track a. After blotting, the autoradiography of the nitrocellulose filter shows the 18 S and 28 S ribosomal RNA (rRNA). After decay of most of the P-label, the SV40 specific RNA sequences were revealed by hybridization with nick-translated P SV40 DNA (track b). The most preponderant 16 S and 19 S SV40 mRNA species become apparent, and, there is still some 2S S rRNA visible. The actual analysis of the SV40 specific RNA sequences from purified viral chromatin is shown in the subsequent track c. Three large RNA species of 3, 3.6, and 4.8 kb can be discerned. Furthermore, broad bands of 2.6 kb and 1.6 kb represent the most abundant SV40 RNA species. The 2.6 kb band appears to be slightly larger than the cytoplasmic 19 S SV40 RNA in track b. This is particularly obvious in track d, representing the polyadenylated SV40 specific RNA sequences which were selectively isolated from an aliquot of the RNA preparation shown in track c. Again, the 2.6 kb RNA band is rather broad and somewhat larger than the band formed by the mature cytoplasmic 19 5 SV40 RNA. Furthermore, there is 16 S (1.6 kb) polyadenylated RNA, while all the larger RNA species are not represented (despite overexposure no signals were obtained). Both the 2.6 kb and the 1.6 kb RNA species were exclusively polyadenylated, and, SV40 specific RNA of this size lacking poly A was not detected. Short pulse labeling (5 min) with H-uridine and autoradiographic detection of the ]n vivo labeled RNA sequences in the chromatin fraction (see thus excluding putative contamination of the purified chromatin fraction with mature cytoplasmic RNA species.
To determine whether there are spliced chromatin associated SV40 RNA sequences, the 5. nuclease technique (15) was employed. We have chosen the Eco Rl + Bgl I B fragment of the SVfO DNA which covers the region from nucleotide number 0 to 1.763 (according to the nucleotide numbering of the BBB system (19) ) for the hybridization with the chromatin associated SV40 specific RNA sequences (Fig.2) . Thus, we are considering here exclusively late SVtO RNA, while early sequences cannot be revealed. The purified DNA fragment whose L-strand had been labeled at the 5' end with P by Tt polynucleotide kinase was hybridized with the RNA, and, after S. digestion, the protected DNA was revealed after electrophoresis in an alkaline agarose gel. Several rather weak signals in the direct autoradiograph were obtained after *t weeks of exposure owing to the low specific activity of the 5' terminally labeled DNA probe. The size of the smallest band can be estimated to comprize 320 nucleotides which is the expected equivalent to the protected 16 S mRNA body (see the scheme in Fig.2) . A further very weak signal of 1.46 kb corresponds well to the DNA sequence which is protected by the unspliced 2.6 kb RNA precursor (data not shown). Therefore, in order to detect further protected sequences, after blotting of the S. digested hybridization 32 products (which had been electrophoresed through alkaline agarose gels), Plabeled nick-translated SV40 DNA was used as a probe. Various protected DNA sequences were revealed by this method (Fig.2, track a) which we shall discuss now. The largest possible sequence would consist of 1.783 nucleotides (the total length of the Eco Rl + Bgl I B fragment which is depicted in track b), provided the 5' end of the protecting RNA sequence would map at the Bgl I site. This, of course, is not the case, as the initiation of the major 16 S and 19 S species occurs mainly at nucleotide numbers 325, 264 and 137 (20, 21) . This limits the size of an unspliced protecting RNA sequence in track a. The most preponderant sequence measures l.
( t6 kb, thus corresponding to the unspliced 2.6 kb RNA precursor with 5' end at nucleotide number 325. We have pointed out by an arrow a 950 nucleotide sequence, although there is a large variety of others, forming a heterogenous pattern of bands in the autoradiograph. The 950 nucleotide band (and smaller bands) may well represent the sequence corresponding to the body of the so-called 18 S paranuclear RNA described recently by Villareal (2). 
DISCUSSION
Previous reports have described chromatin associated RNA chains that were elongated after isolation of the viral chromatin by in vitro transcription (22, 23, 2k) . Here we report the analysis of SVtO specific RNA sequences which are attached to the purified chromatin in vivo and which were synthesized prior to the isolation of the 5V<»0 chromatin.
The established procedures for the isolation of papovavirus chromatin involve the use of detergent, EDTA and high salt concentration for efficient extraction (22 -27) . It has been pointed out, however, that this method may lead to alterations of the chromatin structure (28, 29) . We have chosen, therefore, a modification of the extraction procedure which avoids both the presence of detergent and EDTA in the extraction buffer. Instead, Mg ++ and Ca + ions are present during the hypotonic extraction procedure to prevent the release of components from the viral chromatin (30) . This method permits the isolation of SWtO chromatin which is still capable of displaying a number of enzymatic activities such as ]n vitro replication (30) , elongation of RNA chains in vitro (31) and in vitro recombination (32) . As is shown in this report after sedimentation through sucrose density gradients, the SVfO chromatin, contains, in close association, both mature as well as unspliced large RNA sequences. The bulk of the nuclear 5V40 specific RNA sediments faster at 250 5 in the form of RNP particles (manuscript in preparation).
Large nuclear SV40 specific RNA species of 26 S, 2k S and 19 S have been noticed before (33) . Here it is shown that the large RNA species of distinct length Since both the 2.6 kb and 1.6 kb RNA species are exclusively polyadenylated, specific cleavage of the primary transcripts and subsequent polyadenylation may occur at the viral chromatin level. This has been shown very recently by using purified Adenovirus 2 nucleoprotein complexes, which synthesize poly A containing RNA in vitro in the absence of any added nuclear extract (3*0.
It is conceivable that such chromatin preparations may eventually serve as a source for enzymatic activities that are involved in the maturation of RNA sequences. This assumption is not unreasonable in view of the observation reported here, where we have shown the tight association with SV»0 chromatin of both spliced mature and of large precursor RNA sequences which were lacking polyadenylated 3' ends. Although the data are not yet conclusive, we think it likely that processing of the nascent RNA sequences may occur directly at the chromatin level. Irj vitro studies will have to be performed with purified chromatin in order to further substantiate this suggestion.
